cause for the language delay. The language delay in twins is rather mild but does not seem to decrease with increasing age.
Introduction
The language development of twins tends to lag behind in comparison to that of singletons. Eight decades ago, authors reported that twins between 2 and 9 years of age scored significantly lower for expressive vocabulary and syntax [1, 2] . However, in these studies, important influencing factors such as gestational age at birth, birth weight and socioeconomic status (SES) were not taken into account. In more recent studies, a language delay in young twins compared to matched singletons was also reported. Rutter et al. [3] found a language lag of 1.7 months in twins born after 33 weeks at the age of 20 months, and of 3.1 months at the age of 3 years compared to singletons. Language was assessed using The McArthur Communicative Development Inventory (at 20 months) and the Preschool Language Scales and McCarthy Scales of Children's Abilities (at 36 months). How-ever, the use of age-equivalent scores in language measures has limitations. Age-equivalent scores do not account for the variance around the age means, which is especially important for language measures at young ages where there is a lot of variance across children of the same age. Rice et al. [4] investigated language abilities in 24-month-old twins using the MacArthur Communicative Development Inventories and found lower average performance for twins compared to singleton norms. Monozygotic twins and boys had lower scores than dizygotic twins and girls. Gucuyener et al. [5] investigated expressive vocabulary in 5-year-old term and preterm twins and singletons and found that even after excluding most premature twins, twins performed worse than singletons.
For the language differences between twins and singletons, different possible causes have been suggested. First, twin births are associated with more obstetric and perinatal complications [3] . The fetal development of twins takes place in a more crowded womb, and twins experience more biological disadvantage from complications of pregnancy [3] . Compared with singleton pregnancies, there is a two-to three-fold increase in obstetric complications in twin pregnancies [6] . A complication more specific for monozygotic twins is twin-to-twin transfusion syndrome. Some monozygotic twins share a monochorionic placenta, which can result in a transfusion effect of the blood from one twin to the other [7] . The risk for a preterm birth is 6 times higher in twins compared to singletons [8] . Many twins are born preterm and are of a low birth weight and, therefore, have more risk for respiratory, cardiovascular and neurological problems. Language problems in children with brain damage are well known. However, preterm children without identifiable neurological abnormality also have more difficulties with simple (more basic language processes, such as vocabulary) and complex language function characterized by integration across multiple language components [9, 10] . Rutter et al. [3] investigated language skills in twins after excluding obstetric and perinatal features and still found lower scores in twins compared to singletons. Thus, differences in perinatal outcome cannot explain all language differences between twins and singletons.
Other possible explanations can be found in the postnatal experiences of twins. Having two young children of the same age, combined with various other features of raising young twins, may alter patterns in family interaction in ways that disadvantage language development [11] . Parents of twins need to divide their attention between two children of the same age and there are fewer one-to-one interactions between the child and the adult.
Twins can also cause additional stress for the family, which may affect the psychological wellbeing of the mothers and reduce the quality of the mothers' interactions with their children [3, 12] . Mothers of twins tend to speak less and with less complexity than mothers of singletons [13] . Parentese is usually more directed at both twins and consequently, each individual child experiences less exclusive interactions [14] . Rutter et al. [3] also described that twins have proportionately more interactions with a child with the same developmental level, which could hamper their language development. However, the results of Rice et al. [4] , showing the impact of zygosity on the language of twins, are inconsistent with the hypotheses that attribute a twinning effect in early language acquisition to a shared postnatal environment.
Finally, the language of twins can be characterized by the development of a 'private language'. The phenomenon of an autonomous language developed by twins that only the two children understand [15] is called cryptophasia or idioglossia. Thorpe et al. [16] investigated the prevalence and development of the private language in 196 twins and singletons. They distinguished two types of cryptophasia: (1) shared understanding -speech directed generally but unintelligible to the parent, even though clearly understood by the twins, and (2) private language -speech directed exclusively to the other twin, not intelligible to the parent but clearly understood by the twins. Both forms of cryptophasia are used by singletons and twins, but the rate is much higher in twins. Therefore, Rutter et al. [3] describes cryptophasia as a temporary developmental phenomenon occurring in the second year of life. Shared understanding is more common (45.8% at 20 months) than the use of a private language (13.8% at 20 months). In some twins, especially twins with poorer language skills, cryptophasia persists after 36 months [3] . According to Bishop and Bishop [17] , cryptophasia is not a cause but an early indication for developing language delay.
Most studies have examined language abilities by using questionnaires or more psychological, cognitive test batteries. However, these instruments are not appropriate to evaluate language outcome in a detailed sense. When studying language skills in children, standardized language batteries are more suitable. Apart from some recent studies, most of the knowledge about language development of twins is based on older studies. In most studies, only one aspect of language (e.g. expressive vocabulary) was examined in very young children. Language function, characterized by integration across multiple language components, cannot be examined by a vocabulary test or standardized questionnaire. A standardized language battery investigating expressive and receptive language skills benchmarked to age expectations, such as the Clinical Evaluation of Language Fundamentals (CELF) can be used to investigate language function in children [9] . The main purpose of the current study was to compare both expressive and receptive language skills of 3-to 12-year-old twins with those of matched singletons using the CELF. The second purpose was to investigate the language differences between singletons and twins with normal gestational age at birth by excluding preterm-born children. Based on the literature, the authors hypothesized that singletons perform better than twins for expressive and receptive language skills. The final purpose of this study was to investigate whether the language differences between twins and singletons change with increasing age. If language delay in twins is a temporary phenomenon, differences in language scores between singletons and twins should decrease with age.
Methods

Participants
Twins were recruited using convenience sampling. Written informed consent was obtained from the parents, and the study was approved by the Ethics Committee of the Ghent University Hospital (EC No. 2013/826 and 2013/827). Twenty-four twins, 15 girls and 9 boys participated in the study. Inclusion criteria for the study were: twin, normal cognitive development (as reported by the parents), following normal education, absence of identifiable neurological abnormality, a minimum age of 3 years and a maximum age of 12 years. One girl was excluded because she received special education. The mean age of the children was 5.1 years with an age range between 3.10 and 11.4 years (SD: 22.5 months). In the twin group, there were 10 monozygotic twins and 14 dizygotic twins.
The control group consisted of 23 singletons who were matched with the twins for gender and age. Inclusion criteria for the singletons were the same as for the twin group. The maximum age difference between a twin and singleton pair was set at 3 months. The mean age of the control group was 5.1 years with an age range between 3.9 and 11.4 years.
Procedure
The same assessment protocol was used for the children of the twin and control groups. Neonatal and sociodemographic data were collected using a parental questionnaire [18] . To measure language development, the CELF was used. The CELF is considered a gold standard measure for the identification of language disorders or language delay in children. The language development of preschool children younger than 6 years was measured with the CELF Preschool-2-NL [19] . The CELF-Preschool-2-NL battery consists of 5 indices: the Core Language Index (CLI) and 4 other indices. The CLI score is used to identify whether or not there is a language disorder. In addition to the CLI, 2 other indices were measured: the Receptive Language Index (RLI) and the Expressive Language Index (ELI). The RLI is a specific measure for listening and understanding language. The ELI is a more specific measure for expressing oneself and speaking. Assessment of children older than 6 years was performed with the CELF-4-NL [20] . The CELF-4-NL battery consists of 6 indices: the CLI and 5 other specific language indices. Each of the indices consists of 2-5 subtests. For the CELF-4-NL, the CLI, RLI and ELI were also measured. The following subtests were evaluated: Sentence
Statistical Analysis
Language development in both language assessment batteries was measured using percentile and standard scores. The scores of the two groups were compared using the Wilcoxon matched-pairs signed-ranks test. To investigate whether the language differences between twins and singletons change with increasing age, the differences in the CLI, RLI and ELI between each pair of twins and singletons were calculated. Spearman correlation coefficients were used. For the comparison of SES between twins and singletons, the χ 2 test was used.
Results
Neonatal and Sociodemographic Data SES was inventoried using the maternal education level. Table 1 shows the results of the highest education level of the mothers. Comparison of the SES between twins and singletons using the χ 2 test (n = 46) showed no significant differences (p = 0.064).
In table 2 , the neonatal characteristics, more specifically the age of the mother and the mean gestational age at birth, the birth weight and length of the twins and singletons are presented. The group of twins showed a significantly lower gestational age at birth (p < 0.001) and a lower birth weight (p < 0.001) and length (p < 0.001). In the group of twins, 13 (13/23, 56.5%) were born prematurely before 37 weeks. Four of them were born before 32 weeks (4/23, 17.3%). Twelve twins (12/23, 52.1%) were born with a normal birth weight ( ≥ 2,500 g), and 11 twins (11/23, 47.8%) were born with a low birth weight (1,500 g < low birth weight <2,500 g). All singletons were born after 37 weeks of pregnancy and with a normal birth weight (>2,500 g).
Language Results of the Twins and Singletons
Mean standard scores of the CLI, RLI, ELI and the different subtests on the CELF-Preschool-2-NL and the CELF-4-NL are presented in table 3 . Comparison of the three index scores (percentile and standard scores, respectively) showed significantly lower results for the twins compared to the singletons for the CLI (p = 0.009; p = 0.009), RLI (p = 0.011; p = 0.014) and ELI (p = 0.004; p = 0.005).
Language Results of the Twins and Singletons with a Normal Gestational Age at Birth
Comparison of the language results between twins and singletons was also performed after excluding preterm children (gestational age at birth <37 weeks). These results are presented in table 4 . The ELI was lower in the twins compared to the singletons for the percentile scores (p = 0.047) and for the standard scores (p = 0.047). The CLI and RLI were not significantly different between singletons and twins for the percentile scores (p = 0.445 and p = 0.203, respectively) and the standard scores (p = 0.445 and p = 0.203, respectively).
Correlation between Language Differences within Each Pair and Age Category
Differences in the CLI, RLI and ELI for each pair of twins and singletons were calculated. 
Discussion
The purpose of this study was to investigate and compare expressive and receptive language development in twins and singletons. Secondly, the impact of preterm birth in twins on the outcome of this study was considered by excluding the preterm children from the analysis of group differences. The last purpose was to investigate whether language delay was a temporary phenomenon and decreases with increasing age.
Generally, twins scored significantly lower for overall language skills compared to singletons. The mean difference in the percentile rank between singletons and twins for general language was 19.1. However, the mean scores for the CLI for both singletons and twins still corresponded with normal language skills. As in singletons, there is a lot of individual variation in language scores, but as a group, twins tend to lay behind compared to singletons. The language delay of twins can be described as rather mild because the mean percentile rank for expressive and receptive language skills is still within the normal range and not within the subclinical or clinical zone (percentiles 38 for CLI, 44 for RLI and 33 for ELI) [20] . For all expressive and receptive language skills in semantics, morphology and syntax, twins had lower scores than singletons. Clinically, speech language pathologists and teachers should take into account these small differences in language development when working with twins. These results are in accordance with recent studies [3] [4] [5] in younger children. Language in these studies was investigated using questionnaires, psychological batteries or simple language tests. These instruments may be reliable in detecting gross pathology but they do not evaluate complex language function. The CELF is a standardized language battery investigating all domains of language and is considered a gold standard measure for the identification of language disorders or delay in children between 5 and 18 years.
One of the possible causes for language delay is the high prevalence of preterm births in twins with associated complications. Preterm-born children perform lower on language function, even in the absence of major disabilities and independent of SES [9] . Therefore, in this pilot study, preterm-born children were excluded, and only term twins were compared with their term controls (singletons). The CLI and the RLI were not significantly different to a greater degree between singletons and twins. However, the mean percentile rank of the CLI and RLI for the group without preterm children remained almost the same as in the whole group. Expressive language skills (ELI) were significantly lower in twins in the group without preterm children. The standard scores for the CLI, RLI and ELI did not differ significantly between the twins and singletons with a normal gestational age at birth. These preliminary results prudently suggest that the language differences between twins and singletons with a normal gestational age at birth might be smaller or even negligible and should be further investigated with larger sample sizes. Consequently, the authors hypothesize that preterm birth in this study cannot be (the only) cause of the language delay found in twins. As Rutter et al. [3] already suggested, language delay in twins can be explained by differences in postnatal experiences of twins.
Having two young children of the same age, combined with various other features of raising young twins, may alter patterns in family interaction in ways that disadvantage language development [11] . Parents of twins need to divide their attention between two children of the same age, and there are fewer one-to-one interactions between the child and the adult. Whether these differences in parent-child interactions are responsible for the language delay found in twins is subject to further research. Cryptophasia is another possible influencing factor in the language development of twins but is more an early indication than a cause of language problems [3, 17] .
In the literature, it is not clear whether language delay is a temporary phenomenon or persists in adult twins. Rutter et al. [3] and Rutter and Redshaw [21] state that twins are delayed in language development during the first 3 years of life, and that this delay seems to persist through the primary school years. Other authors suggest that the delay is rather temporary [22, 23] . The third purpose of this study was to investigate, in a preliminary way, whether the language delay of the twins compared to the singletons decreases with age. For general language (CLI) as well as for receptive or expressive language skills (RLI and ELI), no correlations were found between age and the differences in the percentile rank between singletons and twins. Based on these preliminary results, one could hypothesize that the language delay of twins compared to that of singletons does not seem to decrease over time. However, further studies with larger sample sizes in each age category are necessary to investigate whether the rather mild language delay in children persists through primary and secondary school.
Future studies investigating complex language functions should include more twin pairs because sample sizes in this study are rather small. Another shortcoming of the study is that in addition to language function, cognitive development should be investigated in detail using a standardized cognitive battery. In this study, it was not possible to detect small differences in cognitive development between the two groups. In the future, more pragmatic language skills and analysis of spontaneous language can be included in the language battery when investigating the language development of twins.
Conclusion
The results of this study suggest that twins score lower for receptive and expressive language functions compared to singletons, even when excluding preterm-born children. Preterm birth cannot be regarded as the main cause for the language delay. The language delay pertaining to the singletons is rather mild but does not seem to decrease with increasing age. Further research is necessary to investigate language function in twins through primary and secondary school.
